INTRODUCTION
THE analysis of the numerical interaction that goes on generation after generation between a predator and its prey can undoubtedly throw much light upon the dynamics of animal populations. One of us (G. F. G.) has already summarised his experimental investigations of the subject (3, 4). However, he felt that it would be desirable to confirm some of his conclusions by a more extensive experimental material, and that in other cases the collected data should be accounted for theoretically in greater detail. It is the object of the present paper to give the results of our further investigations carried out along these lines. another on wheat flour (18 experiments). It is evident that the interaction is more intense on semoletta where the prey is more accessible to the predatory mites. The set of curves reproduced on Fig. 2 (2) is obtained starting with initial concentrations of the prey not exceeding 150 per 0-2 gm., and is therefore comparable only with the lower group of semoletta curves, enclosed within the dotted lines on Fig. 2 (1) . Turning our attention to the interaction itself we find the following three possibilities of development: (1) Disappearance of predators with insufficient concentration of the prey. It is very distinct on the wheat flour in connection with difficulties in the search for prey, and is practically absent on semoletta.
OBSERVATIONS ON THE INTERACTION BETWEEN TWO SPECIES OF MITES (a) Methods and previous investigations
(2) Interaction leading to complete destruction of the prey by predators. (3) Disappearance of predators in a dense population of the prey, which is more distinct on semoletta. Certain biological observations show that this line of development is a rather complicated one, and predators, which are unable to come into the dense population of the prey as a result of the smell emanating from the latter, may survive on the border of the culture and increase later when dying out from insufficiency of food has rarefied the population of prey.
From our previous observations we know that predators attack the small hexapod larvae of the prey less intensely than the older mites. It follows that the age distribution of the latter changes during the growth of the mixed culture. Fig. 3 (2) shows the data of one of the experiments in which at an early stage of growth, when the predator was not numerous, the prey population consisted of adults (10 %), octapod (40 %) and hexapod (50 %) larvae; before the final destruction of the prey its population consisted only of hexapod larvae.
(c) The nature of interaction We may conclude that in the absence of immigration from outside, the interaction between the two species of mites does not produce regular periodic fluctuations in numbers, and forms a relaxation interaction (4). But when an occasional immigration is allowed, an oscillation immediately arises. Fig. 3 (1) presents the behaviour of the culture in which, soon after the destruction of the prey by predators (on the 63rd day), a few specimens of the former got access to the flour. This introduction caused a new cycle of multiplication of the prey and was followed by a new cycle in the growth of the not entirely extinct predator population. Further experiments were made with artificially controlled immigration (Fig. 3 (3) ). Two fertile females of the prey and two adult predators were added in the first group of experiments every day, and in the second every eighth day. In the first experiment these immigrations or "small impulses" were too frequent: the prey did not have an opportunity for development, and we ended up with a pure population of starving predators. In the second experiment with occasional immigrations we observed an oscillatory phenomenon of accumulation of the prey and its subsequent destruction by predators. This important problem of the frequency of immigrations and its role in the dynamics of fluctuations could perhaps be better elucidated by direct observations under field conditions.
(d) Some tabular data It seems essential to publish original experimental figures, at least for some of our experiments, which might be used in the future for various other calculations. Table 2 gives some data on interaction between Cheyletus and Aleuroglyphus on semoletta and wheat flour.
INTERACTION BETWEEN PARA4MECIUM AND YEAST CELLS
The technique of our previous investigations with this biological system has been described in ( To use a convenient expression of Chapman's (2), we arranged "synthetic populations The conclusion of our previous investigations (3, 4) was that, under the conditions as laid down above, periodic fluctuations are observed in the concentrations of both species. The P. bursaria cannot completely destroy the yeast cells and "sterilise" the microcosm, and at the same time do not disappear entirely from the population at the time of food shortage. We have also remarked (3) that these periodic fluctuations do not apparently belong to the "conservative" type. In other words they do not keep the magnitude initially given them but tend towards an inherent magnitude of their own. Let us continue here the analysis of this problem. It would be interesting to account for the observed experimental situation theoretically. In accordance with our observations we can reproduce the function of the specific consumption per predator per unit of time [f (N1)] in the following form (Fig. 5 (1) ): below a certain threshold r the prey (N1) cannot be consumed. In the first approximation let us admit that near the threshold the function of consumption has a certain fixed value R; in other words, the search for food is very active. Turning to the equation (1) with N, <r we obtain dN1/dt = b1N1 and dN2/dt= -d2N2, i.e. below the threshold the concentration of N1 increases and that of N2 decreases (Fig. 5 (1') ). With N1 = r the function f (N1) -R; the condition blr -N2R = 0 shows that with N2 exceeding N2= blr/R the value dN1/dt = 0. If the concentration of the predator (N2) is below this point, the curve of interaction can rise from the threshold value (Fig. 5 (1')) .
It seems essential to give here a definition of "singular point", which may not be familiar to most readers of this Journal. Let the process under investigation be described by two differential equations of the first order: dt P (X y); diY Q (x, y) . (Fig. 5 (1) ).
..... (2) These equations determine the movement of points x (t), y (t) representing various states of the system under investigation. Trajectories of these points
The biological meaning of this requirement is not difficult to find: the instability of the singular point is a manifestation of the fact that the variations of the specific consumption at the singular point feebly depend upon the variations in the concentration of N1. It is just what is to be expected for a biological system of this kind: the dependence between the two members of a food chain is not very "rigid". This point, however, requires further investigation.
The existence of the unstable singular point with the curves of interaction directed downwards on part of the territory, and the presence of a threshold zone with the curves directed upwards, is already a proof of the existence of a cycle of fluctuations analogous to those observed in the experiments (Fig. 5 (1')) . We can also add that our admission of the break of the function f (N1) at the threshold represents a special case of a sharp increase. In the case of the latter we shall have typical fluctuations with a "limiting cycle" (Fig. 5 (2, 2' )), and a little more the threshold concentration of yeast will be left out by Paramecia. If zone (2) is extraordinarily small, as perhaps it is, it will be difficult to make a choice between these two possibilities.
It seems reasonable to summarise the methodological essence of our mathematical calculations. We have, firstly, observed a specific kind of periodic fluctuation in the system of two interacting species. Quite independently of these fluctuations we have stated two biological peculiarities of our food chain: (1) the existence of threshold in the specific consumption of prey by predators, and (2) probable "non-rigidity" of their dependence. These two properties, formulated in a differential equation of interaction, lead to periodic fluctuations in numbers corresponding to those observed in the experiment. It is therefore probable that the basic features of interaction are in this way properly understood. At the same time room is open for further approximations and complications.
INTERACTION BETWEEN PARAMECIUM AND DIDINIUM (a) Mathematical expressions for interaction
In this section we have already accumulated extensive experimental material (3, 4), but there is need for adequate theoretical explanations. Experimental data on the interaction between Paramecium caudatuim and Didinium nasutum described in (3) have shown that: (1) if the interaction has started it goes in only one direction-to the entire destruction of prey by predators; but if (2) the size of predators is small (starving individuals), and the concentration of predators and prey is low, the interaction may never start and predators will disappear.
Gause and Witt (3) tried to show in a general form that the oscillatory interaction assumed by Lotka and by Volterra is refuted by the following factors: (1) mortality of predators is practically non-existent up to the moment of the entire destruction of the prey; and (2) the destruction of the prey (N1) by predators (N2) depends more on N2 than on N1. In better approximation to the actual state of affairs we assumed a slight mortality of predators when the latter are not numerous, which is responsible for their not starting at all in the population. However, for the sake of mathematical simplicity, we so simplified the situation that our theory was not free from empirical assumptions. We are therefore giving here a more complicated and rational theory of interaction, based on inherent biological properties of the system under investigation.
(b) Variables
Since in the process of interaction the size of prey does not change considerably, but that of predator can strongly decrease, modifying in this way the character of the interaction, let us introduce three variables as follows: (1 To simplify the problem of cell division, which is for us of secondary importance, we neglect the effect of n2 and only consider the action of specific consumption alone. We admit also that f (n2, N1) decreases, since in the case of increase we should take into account the phenomenon of hysteresis. Fig. 6 (3) schematically shows that with the decrease of inflow of nutritive substances (specific consumption) the rate of division also decreases, but to a smaller degree than the inflow. If, for instance, the specific consumption is maximal (equal to 6) and k = 0333, it will give the kf (n2, N1) equal to 2; the factor of division is also equal to 2, and the cell will not decrease in size. Low 5 c.c. ) the calculation will show complete destruction of the prey, decrease in size and dying out of the predators in accordance with the usual observations. These calculations are given on Fig. 6 (5) . If we place a small predator (n2=0*4) with a single prey the former will disappear leaving a pure population of Paramecia (Fig. 6 (5) ). Fig. 6 (6) represents these calculated results in a relative form; they perfectly agree with the results of observations previously described.
(g) Conclusions
Writing the equation of interaction between Paramecium and Didiniurn, based on experimentally observed biological properties of these species, we are led to relaxation of interaction between them. The predators can either not start at all in the population due to (1) practical impossibility of consumption of the prey for small starving predators when the concentration of N1 is low, and (2) due to mortality of the small predators. Or, if the interaction has started, it will go in only one direction-up to the entire destruction of prey by predators due to: (1) the absence of mortality in non-decreased predators, and (2) the finite value of the specific consumption in large and middle-sizedpredators with the minimal concentration of the prey. In other words the consumption ability of common predators permits them to destroy the prey to the very end; but in small predators it is so insignificant that with the low concentration of the prey they disappear from the population entirely.
SUMMARY
In this paper an account is given of our recent experimental and mathematical investigations on the nature of interaction between predators and prey, which have been carried out along three different lines.
Firstly, some new experimental data are presented dealing with a population of two species of mites, one of which, Cheyletus eruditus, feeds upon the other, Aleuroglyphus agilis. In these experiments an analysis is made of the effect of properties of the environment upon interaction by keeping the mites in various nutritive substances (wheat flour, millet, and semoletta). It is found that the predator is much more efficient in the open millet or semoletta Journ. of Animal Ecology 5environment, where the prey is more available than in the wheat flour. Concerning the true nature of interaction, it is concluded that under the environmental conditions studied in this work the interaction between the two species of mites forms a relaxation interaction, so that periodic oscillations are prevented after one "cycle". But when an immigration is allowed such oscillations immediately arise. Some data are also given on age distribution and its variation in the course of the interaction.
Secondly, the classical case of relaxation interaction presented by two Infusoria, Didinium nasutum as predator and Paramecium caudatum as prey, is studied in detail from a mathematical viewpoint. An adequate differential equation of interaction between these two species based on experimentally observed biological properties of this system is formulated and leads to relaxation of interaction between them, which has been actually observed in our previous experimental investigations.
The 
